Nanoconfined water exhibits physical properties not seen in the bulk phase due to confinement effects. In this study, using highly designable nanopores of porous coordination polymers, we discovered an exotic water state between solids and liquids. Single-crystal X-ray diffraction found that nanoconfined water has a discrete symmetry like solid ices, but infrared spectroscopy showed the existence of broken hydrogen bonds like liquid water. Because there exist no solid-liquid critical points in the bulk phase diagram, the water state does not correspond to any bulk states. We showed that the theoretically predicted solid-liquid supercritical-like state is realized even at standard ambient conditions in hydrophilic nanospaces.
oxygen atoms and nearby oxygen atoms on the inner wall are 2.8 and 3.2 Å, respectively (Fig. 1B) , indicating that these are the guest water weakly bound by H-bonds (19) and released at P/P 0 = 0.04. These analyses are supported by powder crystal X-ray diffraction (PXRD) and simulation results (Fig. S3) . The distance between the four water molecules (2.9 Å) at sites I and II suggest the existence of tetramer H-bonding structure (Fig. 1B) (19) . However, the tetramers at sites I and II are separated by a distance of 3.3 Å or 3.6 Å, indicating no or considerably weak H-bond interactions between the tetramers (Fig. 1C ) (19, 20) . The guest water density (d) is estimated to be 1.0 g/cm 3 at 298 K. This is close to the density of liquid water: 0.997 g/cm 3 at 298 K, 0.1 MPa (20) . We also confirmed that there are no differences between the framework structures of PCP-1 and PCP-2 (Fig. S3) .
To investigate the surface potential on the inner walls, we measured the infrared (IR) spectrum of PCP-2 without guest water (blue curve in Fig. 2A ). It shows two sharp absorption peaks (H1 and H2) owing to the OH stretching modes of coordinated water. This interpretation was confirmed by the isotopic effect observed for the two absorption peaks (see Supplementary Information). The IR spectrum of PCP-2 with coordinated D 2 O (red curve in Fig. 2A) shows new absorption peaks (D1 and D2) at frequencies that are 2 -1/2 times lower than those of H1 and H2, respectively (21) . As shown by the black curves in Fig. 2A , each peak is well-defined by the Lorentz function with parameters shown in Table 1 , which means that the structural inhomogeneity of coordinated water is negligible. Due to the strong correlation between the resonance frequency of the OH stretching mode and H-bond length (O-O distance between water molecules), the peaks H1 (at 3450 cm -1 ) and H2 (at 3655 cm -1 ) can be assigned to H-bonded OH (HB-OH) with a Hbond length of ≈3 Å and non-H-bonded OH (Free-OH) (19) , respectively. The number of H1 and H2 arms determined from the absorbance area normalized by oscillator strength are almost the same (see Supplementary Information), which means that every coordinated water molecule has both HB-OH and Free-OH arms. The crystallographic data (data file S1) shows that several oxygen atoms (colored brown in Fig. 2C ) are located within ≈3 Å. However, only one atom satisfies the tetrahedral geometry formed by the sp 3 hybrid orbital of the oxygen atoms in coordinated water molecules. As shown in Fig. 2C , the HB-OH arm of coordinated water is H-bonded to an oxygen atom of an isophthalate in the adjacent layer, and the other OH arm is directed to the interior of the 1D nanochannel, which makes the inner wall hydrophilic.
The blue curve in Fig. 2B shows the IR absorption spectrum of PCP-1 adsorbing guest water. A broad absorption band (H3) is observed in the frequency range of the OH stretching modes. H3 shows an approximately 2 -1/2 times isotopic shift by replacing all the guest and coordinated H 2 O with D 2 O (red curve in Fig. 2B ), indicating that H3 is due to the adsorbed H 2 O. The broad absorption band H3/D3 is decomposed into three Gaussian functions and one Lorentz function (H4/D4) as shown in Fig. 2B . These are assigned to OH stretching modes with strong (3202 cm -1 ), intermediate (3390 cm -1 ), weak (3539 cm -1 ), and no H-bond (H4, 3630 cm -1 ) (22). The existence of weak H-bonded and free OH arms is a characteristic of liquid water not seen in solid ices. We can estimate the number of Free-OH arms in PCP-1 from the absorbance area of H4 peak normalized by oscillator strength. Table 1 shows that the absorbance area of H4 peak is almost the same as that of H2 (Free-OH of coordinated water). Because of the small difference in peak position between H2 and H4, their oscillator strengths are comparable to each other (8) . Therefore, the number of Free-OH arms in PCP-1 is almost the same as in coordinated water (four per unit cell). Based on this knowledge of the H-bond state of guest and coordinated water molecules, we can uniquely identify the H-bond network structure of the guest water as shown in Fig. 2D . Due to the negligible interaction between tetramers (Fig. 1C) , guest water molecules on site I have Free-OH arms. As a result, the average H-bond number of guest water is 3, which lies between those of liquid water (2.2 (15) and 2.6 (23)) and solid ices (≈4 (24) ). Interestingly, this means that despite the discrete symmetry like solid ices, guest water does not satisfy Pauling's ice rule which states that each water molecule offers/accepts two hydrogen atoms to/from two neighboring molecules and has four H-bonds (24) .
We also investigated a dynamic property of guest water molecules by time-lapse IR spectroscopy. We prepared PCP-1 adsorbing the mixture of H 2 O and D 2 O. We exposed the sample to D 2 O gas vapor and measured the spectral changes in H3, which provides information about the diffusion dynamics of guest water molecules. The result is shown in Fig. 3A . D3 gradually increased in height with time (t), whereas H3 gradually decreased. These spectral changes are attributed to the exchange of guest H 2 O/HDO with D 2 O molecules outside the nanochannels. The H3 area normalized by oscillator strength provides the number of hydrogen atoms per unit cell, n H-atom (t), which is shown in Fig. 3B (see Supplementary Material). It decreases exponentially (green curve), as expected from the 1D diffusion model (25) ,
The time constant τ = 3.8 × 10 3 s determined from the fit allows us to deduce the diffusivity (D) of water in the nanochannel using the following relation (25) ,
Here, l and α are the lengths of the 1D nanochannel and surface permeability, respectively. The root-mean-square of the channel length <l 2 > 1/2 is 0.8 µm (Fig. S4) . The surface permeability is unknown, but at least a positive number. This allows us to determine the lower limit of diffusivity as 0.6 × 10 -16 m 2 /s, which is higher than that of ice VII (< 2.6 × 10 -19 m 2 /s at 300 K, 10 GPa (26)). Since microscopic molecular diffusion is induced by the hopping process, this result shows that the structural rearrangements of guest water tetramers occur faster in PCP-1 than in solid ices at the same temperature.
Previous studies on confined water in the 1 nm-size hydrophobic nanospace of CNTs have reported its continuous symmetry and intermediate H-bond number of 1.2 between gaseous and liquid water at ambient pressure and temperature (15) . This corresponds to a liquid-gas supercritical-like structure in the bulk phase diagram (15) . On the other hand, our results show that water molecules in the 1 nm-size hydrophilic nanospace have a discrete symmetry and intermediate H-bond number between solid ice and liquid water. This indicates a solid-liquid supercritical-like structure. However, it is commonly believed that a solid-liquid critical point does not exist, because of the famous symmetry argument that an isotropic liquid cannot continuously transform into a solid with a discrete symmetry (27) . In fact, there is no solid-liquid critical point in the bulk phase diagram of water (8) . Therefore, the water state in the hydrophilic nanospace of PCP-1 is exotic with no corresponding states in the bulk phase diagram.
Then, what is the observed water state in the quasi-1D hydrophilic nanospace? Recently, the intriguing possibility of the solid-liquid critical point has been reported for strongly confined water under high pressure. The simulation showed the existence of continuous phase change between square ice phase and liquid phase in 1 nm-size CNTs (28) . The water state in PCP-1, the 1D array of square water with a larger diffusivity than solid ice at room temperature and intermediate H-bond number between solid ice and liquid water, nicely fits into this phase boundary at ambient temperature and high pressure (28) . These results indicate that the hydrophilic inner wall in PCP-1 plays the role of effective high pressure because the surface potential localizes the guest water molecules. In this study, we illustrated the remarkable ability of hydrophilic nanochannels to induce exotic states of water even at ambient conditions, which would enable us to facilitate new chemical reactions and control structural changes in biological molecules. 
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Materials and Methods
Materials
All solvents, organic and inorganic reagents are commercially available, and were used without further purification. Single crystals of PCP-1 were prepared according to previously reported procedures. (29) Microwave syntheses were performed using Biotage model Initiator + . Single-crystal Xray crystallographic analysis was performed using Rigaku model XtaLab P200 diffractometer equipped with a Dectoris PILATUS 200 K detector, using a VariMax Mo Optic with MoKα radiation (λ = 0.71075 Å) and a confocal monochromator. The obtained data were calculated using a CrystalStructure (Rigaku) crystallographic software package, SHELXL-97 (30) , except for refinement. All non-hydrogen atoms except O-atoms of guest H 2 O were refined using anisotropic thermal parameters. Powder X-ray diffraction data were collected with a Rigaku model SmartLab X-ray diffractometer with CuKα radiation (λ = 1.541 Å) equipped with a temperature controller under dry N 2 atmosphere unless mentioned. Thermogravimetric analyses (TGA) were performed on a Rigaku model Thermo plus EVO under dry N 2 atmosphere. The H 2 O and D 2 O sorption isotherms were obtained using a MicrotracBEL model BELSORP-aqua3 instrument.
H 2 O and D 2 O sorption isotherm for PCP-2 at 298 K The D 2 O and H 2 O sorption isotherms were obtained using a BELSORP-aqua3 instrument. All of the adsorbents were degassed via freeze-pump-thaw cycles using liquid N 2 . In prior to sorption measurement, the powder crystals of PCP-1 were placed in sample cells, which were evacuated at room temperature for more than 5 h and then purged with dry He to afford PCP-2. The sorption isotherm measurements were conducted, without exposing PCP-2 to air, using an equilibrium time of 600 seconds for taking each equilibrium point. The sorption measurements were conducted up to relative pressures (P/P 0 ) of ca. 0.95 (Fig. S1 ).
Synthesis of single crystals of Cu(ipa)·3H 2 O (PCP-1) 5-Methylisopthalic acid (H 2 ipa) (272 mg, 1.51 mmol, 1.0 eq) and H 2 O (10 mL) were placed in a pressure vessel, which was stirred at 150 ºC for 1 h using a microwave reactor. After cooling down to room temperature, to the mixture was added Cu(NO 3 ) 2 ·2. Upon exposure of PCP-1 to dry N 2 atmosphere at 30 ºC for ca. 2 h, PXRD pattern of PCP-1 changed to that of PCP-2, as evidenced by a distinct increase in the intensity of 110 diffraction (2θ = 6.5º, Fig. S3b,c) . Furthermore, upon exposure of the resultant powder crystals of PCP-2 to open air, PXRD pattern of PCP-1 restored, as evidenced by the decrease in 110 diffraction (2θ = 6.5º, Fig. S3c,d ). These reversible changes in the PXRD patterns suggest that PCP-1 reversibly releases/captures the guest H 2 O upon exposure to dry N 2 atmosphere or ambient air at 30 ºC without degradation of its host framework.
SEM observation of PCP-1.
Field-Emission Scanning electron microscopy (FE-SEM) observations of powdery PCP-1 were performed with a HITACHI model SU-5000 operating at 15 kV. The dried samples deposited on carbon tape were coated with osmium using an osmium coater (Vacuum Device model HPC-20) prior to the observations. Synthesis of powder crystals of Cu(ipa)•3H 2 O (PCP-1) and Cu(ipa)•H 2 O (PCP-2) 5-Methylisopthalic acid (H 2 ipa) (195 mg, 1.1 mmol, 1.0 eq) and H 2 O (54 mL) were placed in a pressure vessel, which were stirred at 150 ºC for 1 h using a microwave reactor. After cooling down to room temperature, to the mixture was added Cu(NO 3 ) 2 •2.5H 2 O (256 mg, 1.1 mmol, 1.0 eq) and pyridine (80 µL) in H 2 O (10 mL). After stirring of the mixture at 150 ºC for 1.5 h, blue powder crystals were obtained. The resultant powder crystals were collected by decantation, washed successively with EtOH (7.5 mL x 3) and H 2 O (15 mL x 3), and dried under ambient air to afford Cu(ipa)•3H 2 O (PCP-1) (77.67 mg, 0.26 mmol, 24%) as blue powder crystals. The PXRD and TGA of the resultant material supported formation of PCP-1 in powdery form (Fig.S5,  S6) .
The guest H 2 O of the powder crystals of PCP-1 were selectively removed upon standing PCP-1 under dry N 2 atmosphere or reduced pressure around room temperature, allowing us to obtain the monohydrated product, Cu(ipa)•H 2 O (PCP-2), as characterized by following PXRD and TGA data (Fig.S5, S6 ). (29) . The decomposition of the sample beyond 300 ºC is confirmed by the sharp weight loss in the TG profile.
(ii) TGA of powder crystals of PCP-1 measured with valuable heating rate Powder crystals of PCP-1 were firstly exposed to dry N 2 atmosphere with a constant temperature condition (30 ºC) for 240 min, then the temperature was increased up to 500 ºC with the heating rate of 5 ºC/min. The weight reduction of the sample was monitored in time course as described on Fig. S7 .
· 0-240 min (constant temperature condition (30 ºC)) Upon exposure of the sample to dry N 2 atmosphere at 30 ºC, a definite weight loss (C: 2 H 2 O per one Cu(II) center) followed by plateau was observed.
· 240 min-330 min (heating at 5 ºC/min) Upon increasing the temperature from 30 ºC with the heating rate of 5 ºC/min, a definite weight loss (D: 1 H 2 O per one Cu(II) enter) followed by plateau was observed. 
Samples for IR measurements
The sample was a pellet (~ 100 µm thickness) made by pressing microcrystalline powder sample of PCP-1 (the typical size is 0.67μm as shown in Fig. S4 ). The pellet was placed in a chamber, wherein the humidity was regulated to control the adsorbed water amount in PCP-1. Chamber volume is π×1.28 cm×1.28 cm×0.7 cm = 1.1 cm 3 . The low humidity below 4 % is achieved by flowing dry air into the chamber. The high humidity (~30 %) is obtained by the mixture of dry air and saturated steam. The humidity in the chamber is measured by means of a digital humidity meter (Model CTH-1100, Custom, Tokyo). The IR spectra were performed at ambient temperature by using Hyperion Fourier Transform Infrared (FTIR) microscope connected to the Bruker VERTEX 80v spectrometer at a spectral resolution of 4 cm Isotope effects on peak widths of coordinated water in PCP-2
The peaks H1 and H2 can be assigned to the stretching modes of H-bonded OH (HB-OH) and non-H-bonded OH (Free-OH), respectively. This is also confirmed by the isotope effect on their peak widths. The widths of the absorption peaks due to the HB-OH stretching modes are strongly affected by the anharmonic coupling with lower frequency modes such as O-O vibration modes (31) . The full width at half maximum (FWHM) is proportional to the reciprocal of the mass of hydrogen atom (32, 33) . This suggests that the FWHM of HB-OH should be reduced by a factor of 2 by the isotope substitution. To confirm this point, we performed spectral shape analysis of the absorption peaks. Each peak is nicely described by the Lorentz function as shown by the black curves in Fig. 2A , which means the structural inhomogeneity of the coordinated water is negligible. This reflects the high crystallinity of the PCP-2 framework. The fitting results are summarized in Table1. The ratio of FWHMs between H1 and D1 is 140/73.5 = 1.90, which strongly suggests that peak H1 (D1) is due to HB-OH (HB-OD). In contrast, the FWHMs of H2 and D2 are almost the same (33.5/36.8 = 0.91), indicating that H2 (D2) is due to Free-OH (Free-OD).
Number of Free-OH and HB-OH arms in PCP-2
The absorbance area, when normalized by the oscillator strength, tells us the number of Free-OH and HB-OH arms in the PCP-2. Table 1 shows the absorbance area of HB-OH is 4.8 time larger than that of Free-OH. This is almost perfectly compensated by the increase in the oscillator strength by a factor of 5 ± 0.4 due to the H-bonding (8) . After all, the IR absorption data suggests that there are equal number of HB-OH and Free-OH arms. Considering the structural homogeneity, this result indicates that every single coordinated water molecule has both HB-OH and Free-OH arms.
Time-lapse IR spectroscopy
IR spectra change during adsorption dynamics of guest water molecules
A series of IR absorption spectra were recorded during guest water adsorption to reveal the adsorption dynamics of H-bonding at room temperature. Here, heavy water was used as guest water to allow us to spectrally separate coordinated H 2 O and guest D 2 O and observe changes in the H-bonding structure of the coordinated H 2 O molecules during adsorption. Fig. S8 shows the transient IR absorption spectra during guest D 2 O adsorption by PCP-2 under a controlledhumidity atmosphere. The time of 0 s corresponds to the point at which the nitrogen stream was switched from the dry (4% RH) to the wet (~30% RH) state while maintaining a constant flow rate. To highlight the initial adsorption process, the difference between the absorbance at 16 s and 0 s is shown by the solid curve in the inset. The two sharp peaks (D1 HDO and D2 HDO ) observed here, which are similar to those found in Fig. 2A (D1 and D2) , strongly indicate the formation of Free-OD and HB-OD at the beginning of the guest D 2 O adsorption process. Close examination of the data reveals a slight difference between the peak frequencies of D2 HDO and D2 (dashed green curves, inset of Fig. S8 ). The peak position of D2 HDO is quite similar to that of the stretching modes of Free-OD for coordinated HDO (solid blue curve in Fig. S9b ). This observation indicates the existence of coordinated HDO molecules. These spectral signatures suggest the following dynamics during the initial stage: incoming D 2 O molecules first form H-bonds with coordinated H 2 O, followed by ultrafast (typically in picoseconds (35, 36) ) exchange of deuterium and hydrogen atoms and breaking of the H-bonds (in nanoseconds (37, 38) ), resulting in coordinated HDO molecules.
After 16 s, a broad absorption band (D3) appears instead of the sharp absorption peaks. This change indicates that guest water molecules begin to form the tetramer H-bonding structures (Fig. 1B) . Owing to the fast diffusion of water molecules (in nanoseconds), which is much shorter than the experimental timescale, almost all the guest molecules should exist in the stable tetramer form. The absorbance area of D3 monotonically increases with time, implying the steady intake of guest D 2 O molecules into the nanopores. However, the H1 and H2 absorption peaks of coordinated H 2 O change non-monotonically with time. This difference allows us to reveal selective adsorption dynamics inside the nanopores, as discussed below. The time evolution can be divided into three stages. 1) 0-120 s The changes in the two peaks show opposite trends; the intensity of the higher frequency peak (H2) decreases whereas peak H1 increases in intensity and broadens. This change shows that the Free-OH arms of the coordinated water molecules are forming H-bonds with guest D 2 O molecules. As a result, peak H2 red shifts and forms a lower frequency band (H3). These spectral changes suggest that site I is being occupied by guest D 2 O molecules. 2) 120-180 s Peak H2 (Free-OH) is no longer clearly observed and absorption band H3 does not change. These observations indicate that all the site I locations are filled with guest water molecules. Nonetheless, the absorption intensity corresponding to OD stretching modes increase, which suggests that guest water molecules are being adsorbed in site II. The absence of any spectral change in the H3 band during adsorption in site II reflects the negligible H-bonding interactions between adjacent water tetramers; otherwise, new HB-OH bonds would change the spectral shape of H3. 3) >180 s The absorbance corresponding to guest D 2 O (D3) increases, while the absorbance corresponding to the OH stretching modes (H3) decreases and then vanishes (red curve, Fig. S8 ). This result shows that HDO or H 2 O molecules are released from PCP-1 and all hydrogen atoms are replaced by deuterium atoms.
To reveal the selective adsorption dynamics, we quantitatively deduced the number of water tetramers per unit cell in each site (n I (t) and n II (t)) from the IR intensities normalized by the oscillator strengths. The intensity decreases of the Free-OH and Free-OD peaks include information about n I (t). In contrast, the increase in absorption intensity for the OD stretching modes gives the total mean number of adsorbed guest water tetramers (n total (t)). n II (t) can be calculated by subtracting n I (t) from n total (t). The absorption intensity of the OH stretching modes provides the number of hydrogen atoms per unit cell (n H-atom (t)).
The stability of guest water tetramers during guest water adsorption
The much faster diffusion of guest water molecules than water uptake allows us to suppose that they are homogeneously distributed among the one-dimensional (1D) nanochannel. In this case, the adsorption process can be treated as a quasi-static one. Therefore, we can calculate the transient number distribution of water clusters (monomer, dimer, trimer, and tetramer) in the 1D nanochannel by using statistical thermodynamics. Here, we consider four cluster structures of monomer, dimer, trimer, and tetramer H-bonded to inner wall as shown in Fig. S10 . We refer the total H-bonding energy of monomer, dimer, trimer, and tetramer as E 1 , E 2 , E 3 , and E 4 , respectively. The H-bonding number between guest water molecules of monomer, dimer, trimer, and tetramer in the 1D nanochannels is 0, 1, 2, and 4, respectively. The H-bonding number between guest water molecules and inner walls is 1, 2, 3, 4, respectively. Therefore, each total H-bonding energy of E i are calculated as E 1 = E w , E 2 = E H + 2E w , E 3 = 2E H + 3E w and E 4 = 4E H + 4E w when we define the water-water and water-inner wall of H-bonding interaction among clusters and E H and E w , respectively. We also refer the number of monomer, dimer, trimer, and tetramer existing in the nanochannel as 
When E H = 2 kcal/mol and E w = 1.5 kcal/mol (typical value of H-bonding energy on site I estimated from SXRD results in Fig. 1B) , p 4 =0.995. Also, we calculated p 4 at various 4N w when M = 1000 which corresponds to 1 µm length of 1D nanochannels. The result in Fig. S11 shows that, during adsorption dynamics, almost all guest water molecules confined in the nanochannels with M site I exist in the stable form of the tetramer. This result is the same in the case of the 1D nanochannels with M sites II. The difference between site I and II is just the value of interaction between water and inner wall E W . SXRD shows that water tetramers on site II also have the H-bonding interactions E W ~1 kcal/mol. When E H = 2 kcal/mol and E w = 1 kcal/mol, p 4 is almost 1 as shown in Fig. S12 . Therefore, in the case of 1D nanochannel with site I and II, it is also enough to consider only water tetramers during guest water adsorption.
Estimation of n I (t), n II (t) and n H-atoms (t)
In order to determine the number of water molecules in each site, it is essential to decompose the IR absorption spectra into the sum of the constituent elements. In this sample, we have H 2 O, D 2 O and HDO molecules due to the efficient isotope exchange. This prevents us from directly counting the number of H 2 O or D 2 O molecules. Instead, we counted the numbers of OH or OD arms (m i (t)) from the spectra and converted them to n I (t), n II (t) and n H-atoms (t). We have ten OH or OD stretching modes in total; H1 and H2 from coordinated H 2 O molecules, D1 and D2 from coordinated D 2 O molecules, D1 HDO and H2 HDO from coordinated HDO molecules with free-OH, H1 HDO and D2 HDO from coordinated HDO molecules with free-OD, and H3 and D3 from water tetramers.
The spectra of these components are shown in Fig. S13a . Except for H1, H3 and D3, we used the Lorentz fitting results that excellently reproduces the experimental data as shown in Fig. 2A (for H1,  H2 , D1, D2) and Fig. S9a and S9b (for H1 HDO , D2 HDO , D1 HDO , H2 HDO ). H1 is obtained by subtracting a Lorentz function for H2 from the experimental data at 0 s shown in Fig. S8 . This contains not only H1 but also some additional absorption around 3200 ~ 3400 cm -1 . The absorption spectra of water tetramers are taken from the experimental data at 120 s in Fig. S8 , where site I is fully occupied by water tetramers. We used data between 2000 ~ 2800 cm -1 for D3 and 3200 ~ 3800 cm -1 for H3. Fig. S13b shows the fitting results for the data up to 180 s using ten spectral components. In the fitting, we imposed the following constraints; m H1 (t) = m H2 (t), m D1 (t) = m D2 (t), m H1_HDO (t) = m H2_HDO (t) = m D1_HDO (t) = m D2_HDO (t). The data between 2800 cm -1 ~ 3200 cm -1 which contains absorption peaks due to the PCP framework is excluded in the fitting. The excellent fitting enables us to determine the spectral area of each component, S i (t). The number of arms are calculated as m i (t) = S i (t)/f i , where f i is the oscillator strength. We determined the oscillator strengths as follows. First, we defined the oscillator strength of H2 (f H2 ) as S H2 (0)/4 so that m H2 (0) = S H2 (0)/f H2 is four, which corresponds to the initial state of four coordinated H 2 O molecules per unit cell. The other oscillator strengths are defined as f i = f H2 *a i (a i ; relative oscillator strength shown in Table S2 ).
We can calculate the total number of Free-OH/OD arms of coordinated water per unit cell m Free-OH/OD (t) as m H2 (t) + m D2 (t) + m D2_HDO (t) + m H2_HDO (t). The decrease in m Free-OH/OD (t) from the initial value (m Free-OH/OD (0) = m H2 (0) = 4) gives the total number of water tetramers on the site I per unit cell; n I (t) = (4 -m Free-OH/OD (t))/4. Similarly, the total number of adsorbed water tetramers (n total (t)) is (m D1_HDO (t) + m D2_HDO (t) + m D1 (t) + m D2 (t) + m D3 (t))/(2*4). Then, n II (t) is calculated as n total (t) -n I (t). Finally, n H-atoms (t) is given as m H1_HDO (t) + m H2_HDO (t) + m H1 (t) + m H2 (t) + m H3 (t).
After 180 s where n I (t) reaches almost one, the spectral shape of the OD stretching mode begins to show a gradual change due to the isotope effect as shown in Fig. S14 . As a result, the fitting procedure described above does not reproduce the IR spectra well. Therefore, we determined n I (t), n II (t) and n H-atoms (t) without resorting to the spectral decomposition. First, we assumed n I (t) keeps staying at one; all site I are filled with water tetramers. Then, n II (t) can be calculated by subtracting the number of water molecules in site I and coordinated water molecules (both of which are four per unit cell) from the whole number of water molecules in the sample, which can be obtained from the spectra as (S' H3 (t)/f H3 + S' D3 (t)/f D3 )/2; S' H3 (t) and S' D3 (t) are the total area of the stretching modes of OD (2000 ~ 2800 cm -1 ) and OH (2800 ~ 4000 cm -1 ) in Fig. S8 . When explicitly written, n II (t) = [(S' H3 (t)/f H3 +S' D3 (t)/f D3 )/2 -8]/4. In this calculation, we used constant f H3 and f D3 for all the data at different times (i.e., different isotope concentration) because these numbers are independent of the concentration of deuterium atoms (C=25, 50, and 75 %) as shown in Table S3 . They are estimated from the absorbance area of OH and OD stretching modes when C=25, 50, and 75 % shown in Fig. S14 . Finally, n H-atoms (t) are calculated by S' H3 (t)/f H3 .
Site-selective adsorption dynamics of guest water molecules
In Fig. S15 , n I (t) and n II (t) are plotted on the left axis. While n I (t) linearly increases, as shown by the yellow line, n II (t) remains approximately 0 until 70 s. This adsorption order is probably due to differences in H-bonding strength at sites I and II. Because the local charge separation of OH is larger than that of CO owing to electronegativity differences between oxygen and carbon atoms, the H-bonding potential at site I (E 1 ) should be larger than that at site II (E 2 ). In fact, in site I, the distance between guest water molecules and the inner walls is 0.4 Å shorter than that in site II (Fig. 1B ). Such a difference in H-bond lengths typically causes a potential energy difference of 1 kcal/mol (39) . Because water tetramers have four H-bonds with the inner walls, O − N is estimated as 4 kcal/mol. As shown in the next section, this energy difference quantitatively explains the selective adsorption dynamics. After 70 s, n II (t) also increases, and eventually, both n I (t) and n II (t) reach maximum values of one. As plotted on the right axis of Fig. S15a , n H-atoms (t) is constant until 180 s, indicating that no water molecules are desorbed from the nanopores. Around 180 s, n H-atoms (t) starts to decrease. Once sites I and II are completely occupied, n H-atoms (t) decreases exponentially, as shown by the green curve, revealing a constant rate of exchange for water molecules between the interior and exterior of PCP-1. This part of the data is plotted as Fig. 3B in the main text (the time origin is shifted).
Physical model of guest water adsorption dynamics
We will propose a physical model of the adsorption dynamics of guest water molecules. Since the time scale of the guest water intake (on the order of seconds to minutes. See Fig. S15a ) is much longer than the thermal relaxation time (nanoseconds), the adsorption process can be treated as a quasi-static one. The number of water tetramers on each site can be quantitatively described by a quite simple model of statistical thermodynamics. The fact that water tetramers are isolated inside the PCP-1 allows us to model the adsorption sites I and II as a collection of independent potential sites with different energies (Fig. S15b) . The fast diffusion of water molecules inside the sample assures random distribution of water tetramers throughout the nanochannel. Under these circumstances, n I and n II can be calculated by the following ensemble averages (40) 
Let us use this model to describe the selective adsorption observed in Fig. S15a . Based on equations (1) and (2), we can calculate n I and n II as a function of n total = N/M. Fig. S15c shows the parametric plot of n I and n II against n total . The experimental data points (blue and purple dots) are well reproduced by our model (black curves) when ΔE = 4(E 2 -E 1 ) is 2 kcal/mol. Fig. S16 summarizes the H-bond structure of coordinated water and adsorption dynamics of guest water molecules revealed in this paper. Before guest water adsorption, each coordinated water molecule has one HB-OH and Free-OH bond, respectively (Fig. S16a) . Free-OH bonds are directed to the inner space and play a role of guest water attraction on the site I. When guest water adsorption starts, the incoming D2O molecules make H-bonding with coordinated water followed by isotope exchanges and H-bonding breaking (Fig. S16b) . Guest water molecules diffuse over the 1D nanochannel and selectively adsorbed on the site I by forming a H-bonding unit of tetramer. After the filling of tetramers on the most of the sites I, guest water molecules start to occupy the site II (Fig. S16c) . After most sites I and II are occupied, guest water exchange with gas water outside of the PCP-1 at a constant rate (Fig. S16d) . Table S1 . IR absorption spectra of guest and coordinated water (C = 75%, 50%, 25%, and 0%). Crystallographic Data S1.
Microscopic view of guest water adsorption dynamics
Crystallographic information file (CIF) of PCP-1. CCDC number: 1893959
